INTRODUCTION
============

Psoriasis is a chronic immune-mediated inflammatory disease affecting 1-3% of the world population. Several studies have demonstrated the association of psoriasis with obesity and metabolic syndrome. ^[@r1]-[@r3]^ Obesity is considered a chronic low-grade inflammatory disease that shares with psoriasis mediators of inflammation such as TNF-α (Tumor Necrosis Factor alpha) and IL-6 (Interleukin 6). ^[@r2],[@r4]^ The relationship between these two conditions involves factors such as predisposition and response to therapy, in addition to an association with cardiovascular disease.

In general, body mass index (BMI) is used to classify underweight, normal weight, overweight, and obesity in patients. The measurement of waist circumference (WC) is also a useful tool, since abdominal fat is correlated with increased cardiovascular risk. ^[@r5]^

Dual energy X-ray absorptiometry (DXA) is a noninvasive method with the ability to evaluate body composition (lean mass and fat mass) with accuracy and precision, and with exposure to low doses of radiation, which enables the diagnosis of obesity comprising the assessment of the abdominal region. ^[@r6]-[@r8]^ DXA technique is based on the premise that the body consists of three compartments, fat, bone, and lean mass, distinguishable by the property of differential X-ray attenuation. ^[@r9],[@r10]^ This is a relatively new method to determine body composition, which can estimate body adiposity with a small margin of error. ^[@r8],[@r11]^

The aim of the present study was to investigate the prevalence of adiposity as determined by BMI, WC, and DXA evaluation in patients with psoriasis.

METHODS
=======

The experimental arm was composed of adult patients with clinical and/or histopathological diagnosis of psoriasis, without joint complaints, assisted at the Dermatology Outpatient Clinic of Santa Casa de Belo Horizonte. All the patients were evaluated by an expert in the diagnosis and treatment of psoriasis. We established the following exclusion criteria: 1) postmenopausal women; 2) men aged \>70 years; 3) smokers; 4) alcohol dependents; 5) presence of other chronic inflammatory diseases; 6) report or confirmed diagnosis of neoplasia or HIV infection; 7) use of systemic retinoids in the previous 12 months; 8) current use of systemic glucocorticoids, insulin, statins, growth hormone, anabolic agents, or hormone replacement therapy; 9) pregnancy or lactation, and 10) vitamin-D intoxication.

The control group comprised voluntary patients without psoriasis or any inflammatory disease, matched by sex and age, which were assisted at the Dermatology Outpatient Clinic of Santa Casa de Belo Horizonte.

Demographic and anthropometric data were obtained from an interview and physical examination of the participants, all of which performed by one of the investigators. Information regarding the presence of comorbidities and medication use were also collected.

The subjects were weighed in light clothing and with no shoes on a Filizola human weighing scale with 200 kg capacity and 0.05 kg accuracy. The height of the participants was determined using a mechanical scale-mounted stadiometer. We calculated BMI by the formula BMI = weight (kg) / height (m)2 and using the parameters established by the World Health Organization (WHO). ^[@r12]^

WC was determined using a measuring tape placed in a horizontal plane around the abdomen, at the midpoint between the last rib and the iliac crest, with the subject in the orthostatic position and at the end of a normal expiration. WC \<88 cm for women and \<102 cm for men were considered normal.^[@r13]^

Body composition was evaluated by DXA scanning on a Discovery W model DXA scanner (Hologic Bedford, MA, USA), software version 3.3.01, and interpreted by a single trained investigator. The scans were performed after a 12-h NPO fast (i.e., no food or liquids), with the subject in supine position after all his or her metal accessories had been removed. The percentage of total-body fat was calculated by the ratio of total fat mass/ total body mass. Obesity as determined by the DXA evaluation of percentage of body fat was classified according to the criteria enumerated in [table 1](#t1){ref-type="table"}.

###### 

Cut-off points of body fat percentage for men and women^[@r11]^

  Age (years)   Women (% of body fat)   Men (% of body fat)                                        
  ------------- ----------------------- --------------------- ------- ----- ------ ------- ------- -----
  20-39         \<21                    21-32                 33-38   39+   \<8    8-20    21-25   26+
  40-59         \<23                    23-34                 35-40   41+   \<11   11-22   23-28   29+
  60-79         \<25                    25-37                 36-42   43+   \<13   13-24   25-30   31+

We performed a descriptive analysis of the study variables. Kolmogorov-Smirnov normality test was conducted to test the normality of continuous variables and all had asymmetrical distribution. In the comparison between cases and controls, we used Pearson's Χ2 test or Fisher's exact test to compare categorical variables, and the nonparametric Mann-Whitney test to analyze numeric variables. The difference among the various methods used for obesity classification, BMI, WC, and DXA-determined percentage of body fat, was evaluated using McNemar's test. To test the level of agreement between those variables, we used the weighted kappa coefficient. ^[@r14],[@r15]^ We adopted a level of statistical significance of 5%. Analyses were performed with the aid of the SPSS (Statistical Package for the Social Sciences) software version 15.0.

The present study was approved by the ethics committee of our institution; all patients provided written informed consent.

RESULTS
=======

In the period from May to November 2012, this study included 42 patients with psoriasis and without joint complaints. The median age of these patients was 47 years, and 25 (59.5%) of them were male. The mean reported disease duration was 10.00 years (interquartile range 5.00-20.00 years). Thirty-seven patients (88%) had mild psoriasis as defined by PASI (Psoriasis Area Severity Index). We included a group of 41 control patients whose median age was 38 years, with 22 (53.7%) male individuals. There was no difference between the groups in relation to sex (P = 0.590) and age (P = 0.090).

Median values of BMI, WC and DXA-determined percentage of body fat for case and control groups were 26.7 kg/m2 vs. 26.7 kg/m2 (P = 0.913), 96.0 cm vs. 95.0 cm (P = 0.956), and 33.6% vs. 33.7% (P = 0.774), respectively ([Table 2](#t2){ref-type="table"}).

###### 

Demographic and clinical characteristics of patients with psoriasis (n = 42) and control patients (n = 41)

  Variable                                                                                               Psoriasis           Control             P Value
  ------------------------------------------------------------------------------------------------------ ------------------- ------------------- ---------
  Men (%)                                                                                                25 (59.5)           22 (53.7)           0.590
  Age in years[\*](#TFN01){ref-type="table-fn"}                                                          47.0 (33.8-54.3)    38.0(29.5-49.0)     0.090
  BMI kg/m2[\*](#TFN01){ref-type="table-fn"}                                                             26.7 (23.8-30.7)    26.7(24.5-28.7)     0.913
  Abdominal circumference in cm[\*](#TFN01){ref-type="table-fn"}                                         96.0 (85.5-103.0)   95.0 (88.3-101.5)   0.956
  Percentage of total fat by DXA (%)[\*](#TFN01){ref-type="table-fn"}[\#](#TFN02){ref-type="table-fn"}   33.6 (29.5-38.9)    33.7 (29.8-39.3)    0.774

median and interquartile range

n=36 cases and 37 controls

Fourteen (38.9%) patients with psoriasis had normal BMI while 13 (36.1%) were overweight, and 9 (25%) patients were classified as obese. According to the DXA-determined body composition, 6 (16.7%) of the psoriasis patients were classified as having normal weight, 14 (38.9%) as overweight, and 16 (44.4%) as obese. The difference between these two classification modalities was significant (P = 0.004).

Regarding the control group, BMI identified 1 (2.7%) underweight patient, 11 (29.7%) patients with normal weight, 17 (45.9%) overweight, and 8 (21.6%) obese. According to DXA scans, 3 (8.1%) patients in the control group were classified as having normal weight, 13 (35.1%) as overweight, and 21 (56.8%) as obese. In this group, there was also a statistically significant difference between the two obesity classification rates (P \<0.001). The obesity classification for case and control groups is shown in [table 3](#t3){ref-type="table"}.

###### 

Comparison of obesity classifications by BMI and by percentage of fat mass by DXA.

  BMI             Percentage of body fat by DXA                                            
  --------------- ------------------------------- --- --- ---- ---- --- ---- ---- --- ---- ----
  Underweight     0                               1       0    0        0    0        0    1
  Normal Weight   5                               2       6    6        3    3        14   11
  Overweight      1                               0       6    6        6    11       13   17
  Obese           0                               0       2    1        7    7        9    8
  Total           6                               3       14   13       16   21       36   37

n=36

n=37

When we grouped overweight and obese patients, we observed that, based on the BMI, 22 (61.1%) patients had weight excess, while according to the DXA-defined classification, the number of these patients rose to 30 (83.3%) (P=0.021). This means that \>20% of the patients had been classified as normal weight when in fact they were overweight or obese. The agreement between the two classification methods was only 0.348, or 34.8%, by the kappa coefficient ([Table 4](#t4){ref-type="table"}). When the group was stratified by sex, only a slight agreement was observed for male patients (k =0.087 or 8.7%) and moderate agreement for female patients (k =0.587 or 58.7%). The control group showed fair agreement between the two classification modalities (k=0.311 or 31.1%) ([Table 4](#t4){ref-type="table"}). By the BMI, 25 (67.6%) control patients had excess weight while by the DXA-defined, it reached 34 (91.9%) subjects. The stratified analysis by sex yielded a coefficient of agreement of 0.273 (or 27.3%) for male patients and of 0.32 (or 32%) for female patients in the control group ([Table 4](#t4){ref-type="table"}).

###### 

Agreement by kappa index between the different obesity classifications (BMI, WC and DXA)

                                                BMI x DXA             WC x DXA           WC x BMI               
  --------------------------------------------- ------------- ------- ---------- ------- ---------- --- ------- ---------
  **Case[\*](#TFN06){ref-type="table-fn"}**                                                                     
  Male                                          0.087         0.599              0.122   0.243          0.394   0.027
  Female                                        0.587         0.013              0.706   0.004          0.881   \<0.001
  Total                                         0.348         0.014              0.304   0.011          0.575   \<0.001
  **Control[&](#TFN07){ref-type="table-fn"}**                                                                   
  Male                                          0.273         0.076              0.055   0.452          0.288   0.054
  Female                                        0.320         0.072              0.485   0.020          0.231   0.311
  Total                                         0.311         0.009              0.170   0.063          0.226   0.116

BMI: Body Mass Index; WC: Waist Circunference; DXA: Dual energy X-ray absorptiometry

n=36

n=37

Considering WC, 17 (48.6%) patients with psoriasis presented altered WC. There was a statistically significant difference in the prevalence of obesity regarding the classification by DXA (P\<0.001). The agreement between elevated WC and overweight rating (overweight/ obesity) by DXA was low (kappa=0.327) ([Table 4](#t4){ref-type="table"}). The analysis by sex shows a concordance of 0.122 (12.2%) in male patients and of 0,706 (70.6%) in female patients, presenting a good agreement in this group. In the control group, 19 (51.4%) patients presented altered WC, while by DXA classification, 34 (91.9%) patients were overweight (P\<0.001). The agreement of the two measures was only of 17%, determined by kappa (0.017). The analysis by gender shows a concordance of 0.055 (5.5%) in male patients and of 0.485 (48.5%) in female patients.

As noted from data shown above, both BMI and WC showed poor agreement with the body fat measures assessed by DXA. However, there was no difference between the classifications of obesity by BMI and WC in both case (p = 0.180) and control (p = 0.077) groups. The agreement of the two methods (BMI and WC) by kappa in patients with psoriasis was moderate (0.575). When stratified by sex, female patients showed good agreement (0.881) and male patients showed low agreement (0.394). In the control group the global agreement (0.226) was low, such as the agreement in the female (0.231) and male (0.288) groups.

DISCUSSION
==========

In the present study, the prevalence of overweight and obesity according to BMI, both in the group of patients with psoriasis (61,1%) and in the control group (67,5%), was greater than the prevalence based on WHO data, which showed 46% of overweight and obese adults. ^[@r16]^ The prevalence of overweight and obesity found is also superior to the data from the Vigitel study.^[@r17]^ According to this study, a survey held in 27 Brazilian cities, the prevalence of overweight and obesity (BMI ≥25 kg/m2) in the city of Belo Horizonte-MG, where the study was conducted, reached 48.1%. However, some considerations are necessary: the prevalence of overweight/ obesity increases with age, reaching approximately 60% in 35-55 years patients, that is the mean age of the study population, and also increases with lower level of education (\<8 years of schooling). The subjects are from a population of low socioeconomic status and low level of education, thus the findings of our study do not seem to be so superior to that observed in the general population of the same age and level of education. Studies of psoriasis show prevalence rates of overweight and obesity defined by BMI of 51.8%.^[@r18]^

In contrast to several studies revealing higher prevalence of obesity in patients with psoriasis relative to the general population, our study showed no difference between psoriatic and control patients using the three obesity classification methods (BMI, WC, and DXA-determined percentage of body fat).^[@r5],[@r19]-[@r22]^ Nevertheless, more recent studies, such as Kim & Lee's study, support our results, as those studies found no significant difference in BMI between patients with psoriasis and control patients.^[@r18]^

The percentage of patients with psoriasis and raised WC measures (48.6%) was inferior to that of a large cohort (62.9%). ^[@r23]^ By contrast, control patients showed comparable values to those of the NHANES (National Health and Nutrition Examination Survey) study, in which large WC measures were found in 47.9% of the controls.^[@r23]^

Classifications of obesity by BMI and by WC showed no significant difference, as demonstrated by Lauria et al. However, both rates showed low agreement with the measures of body fat as evaluated by the DXA technique. Flegal et al also demonstrated that BMI and WC present better correlation with each other than with DXA-determined percentage of body fat. In addition, those authors showed that BMI and WC give an inadequate measure of percent body fat, when compared with DXA.^[@r24],[@r25]^

For many decades, the BMI was the predominant index in the evaluation of obesity due to its simplicity and low cost. However, this is a method that does not take into account several obesity-related factors, such as muscle mass, bone structure, age, sex, and ethnic group.^[@r4],[@r11],[@r26]^ Although WC provides a simple measure of central fat deposition, which is a better predictor of adverse cardiovascular events, it also failed to provide a reliable measure of obesity compared with DXA.

DXA technique is considered superior in the assessment of body composition with precision of \~99% in the estimation of soft tissue composition.^[@r11],[@r22],[@r26],[@r27]^ With the use of DXA scanning, the prevalence of overweight and obesity in the patients with psoriasis reached 83.3%, which constitutes a strong evidence of the need for intervention on this metabolic parameter. Psoriasis is currently seen as a multi-system inflammatory disease that shares immunologic characteristics with other diseases such as obesity, hypertension, diabetes, depression, and inflammatory bowel disease. ^[@r1],[@r5],[@r21],[@r28]-[@r30]^

There seems to be a reciprocal influence between obesity and psoriasis.20 Excess adipose tissue induces a chronic proinflammatory state with increased C-reactive protein and cytokines, such as TNF-α and IL-6, which not only promotes the development of cutaneous lesions, but also impairs the patient's response to systemic treatments.^[@r19],[@r21],[@r29],[@r31]^ Moreover, psoriasis, with the metabolic deregulation coupled with the impairment in quality of life, sedentary lifestyle and poor eating habits, favors weight gain.^[@r31],[@r32]^

Because of the high prevalence of comorbidities such as obesity in patients with psoriasis, a multi-system approach and particular attention to cardiovascular risk factors are warranted. Several authors have demonstrated an increased risk of atherosclerosis, acute myocardial infarction, and stroke in this group of patients.^[@r33]-[@r35]^ One of the treatment goals for patients with psoriasis should be the reduction of obesity and, consequently, of the systemic inflammatory process. ^[@r30]-[@r32]^ The greater ability of DXA to identify patients with excess body fat -- and, therefore, with greater cardiovascular risk -- demonstrated in the present study highlights the importance and utility of DXA scanning for psoriatic patients.

Our study has limitations, such as the sample size that does not allow for a generalization of the results to the general population -- although it suffices to contribute to elucidate the relationships between the different metabolic evaluation methods in psoriasis. It is noteworthy that this is the first study that compares the different methods of assessing obesity including DXA in patients with psoriasis. Furthermore, to date, no Brazilian parameters have been established for the classification of DXA-determined percentage of body fat; therefore, the international classification was used in our study.

CONCLUSION
==========

Dual energy X-ray absorptiometry found higher prevalence of obesity when compared to BMI and WC in both psoriatic and control patients. Raised WC values showed a good agreement with the diagnosis of obesity only in female patients with psoriasis. There was no difference in the prevalence of obesity among psoriatic and control patients.

The adoption of obesity assessment through more accurate techniques such as DXA, especially for groups of patients particularly more susceptible to cardiovascular events, is a challenge to be faced over the coming future.
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